An increasing proportion of pituitary adenomas are recognized in the elderly, raising the question of their optimal diagnosis and management. Age-related endocrine changes and associated diseases may significantly modify the clinical presentation and hormonal evaluation of these patients. About 80% of pituitary adenomas in this age group are non-secreting, requiring careful differential diagnosis with non-adenomatous sellar lesions. In this group, visual deterioration and hypopituitarism remain the leading symptoms. Recognized secreting tumours are mainly GH-secreting, most of them intrasellar, followed by prolactinomas, which present as clinically non-secreting and are usually invasive. Cushing's disease appears as a very rare eventuality in the elderly. Optimal therapeutic management should aim to control the disease while preserving or improving patient's quality of life. Transsphenoidal surgery has proved to be an efficient and well-tolerated option for non-secreting adenomas with visual defects and intrasellar GH-secreting adenomas, being able to improve metabolic and cardiovascular complications of acromegaly even in this age group. In contrast, dopamine-agonist drugs can be proposed as a primary therapy for prolactinomas even in the presence of severe neurological complications. Because the use of radiotherapy is hampered by its delay of action and potential neurological side effects, its indications should be better defined in this age group. The clinical importance of hypopituitarism should not be underestimated, and thyroid-and adrenal-replacement therapy are mandatory in the presence of documented hormone deficiency, carefully avoiding overtreatment in order to limit possible side effects on the cardiovascular system and bone mineralization. Indications for GH-and sex steroid-replacement therapy still await age-specific guidelines.
Introduction
Pituitary adenomas (PAs) in the elderly, commonly defined as people older than 65 years, represent less than 10% of all PAs (1 -4), but this proportion can reach 15% for patients with non-functioning PAs (NFPAs) (5) and may currently be underestimated. In fact, because of increasing life expectancy and improving health care of the elderly, diagnosis of PAs in this age group is increasing with time (4) . Besides reduced life expectancy, clinical peculiarities of the elderly are represented by age-related changes and associated diseases that may significantly delay the diagnosis of PAs and increase surgical risk. For example, visual-field defects may be missed in patients suffering from common age-related ocular diseases, and clinical manifestations of hypopituitarism can mimick those of ageing. In addition, because NFPAs represent the most common type of PA in this age group (1, 3, 4, 6, 7) , attention should be paid to distinguishing adenomas from other non-secreting lesions of the sellar region. Therapeutic options should also be appropriate for age and, as a general rule, should aim to control the disease while preserving or improving patient's quality of life. To achieve this objective, the relative role of surgery, medical therapy with dopamine-agonist (DA) drugs and somatostatin analogues (SMAs), and radiotherapy needs to be better defined in this age group. Hormone-replacement therapy for hypopituitarism should also be adapted to patient's age.
In this paper we present an updated review of our experience and available literature on this topic (1 -11) (see Table 1 ) in an attempt to better define the safety and efficacy of the different therapeutic modalities in this peculiar group of patients, and to propose practical guidelines for their management.
Pituitary pathology
PAs in the elderly are mostly represented by NFPAs; functional adenomas account for about 20% of all cases with a relative predominance of growth hormone (GH)-secreting tumours (Table 1 ). In our series of 39 elderly patients who underwent transsphenoidal surgery (TSS) between 1987 and 1997 (7), NFPAs represented 80% of the whole series, with GH-and prolactin (PRL)-secreting adenomas accounting for 13 and 7%, respectively. Similar figures have been reported by others, with NFPAs representing 65 -84% of all cases, followed by GH-(9 -17%), PRL-(4.5 -10%) and adrenocorticotrophin (ACTH)-(0 -6%) secreting adenomas, respectively (1, 3, 4, 6, 8) . Noteworthy is that some studies suggest that the incidence of gonadotroph adenomas, usually included in the NFPA group, tends to increase with age and to be more frequently diagnosed above 60 years, especially in men (12, 13) . Most PAs in the elderly are slowly growing, and this can be supported by the low rates of cell proliferation commonly reported in this age group (14) . An agerelated decrease in cell proliferation has been observed in NFPAs (15) and in GH-secreting tumours (14) , the latter being mostly intrasellar in the elderly (2 -4, 9). ACTH-secreting adenomas associated with Cushing's disease are rare in the elderly, microadenomas being the rule (3, 4) . On the contrary, prolactinomas are generally diagnosed as macroadenomas (1, 3, 4, 7) and huge tumours are not uncommon, especially in men (16 -18) , probably because hyperprolactinaemia itself is poorly symptomatic in this age group. In fact, microprolactinomas are the most often recognized at autopsy (19) . Spontaneous apoplexy might be favoured by comorbid conditions such as hypertension or anticoagulation (4). However, pituitary apoplexy does not appear to be more frequent in the elderly and remains largely unpredictable, regardless of the patient's age and tumour volume (20) .
Clinical presentation
The clear predominance of NFPAs largely explains the leading symptoms reported in this age group. In fact, clinical presentation is dominated by visual impairment followed by endocrine symptoms (1 -9) . Visual impairment due to chiasmatic compression occurs in 60 -80% of NFPAs (1, 3, (5) (6) (7) (8) but fewer than 20% of GH-or ACTH-secreting tumours (2, 4, 9) . Headache is reported in 5-25% of all patients (4 -7) and more frequently in acromegalics (2) . Pituitary apoplexy is occasionally reported, especially in NFPAs, reaching 6% in some series (1, 4) . Cranial nerve palsy occurs in a small minority of patients, due to either invasion of the cavernous sinus or pituitary apoplexy (3, 4, 6) ; ophthalmoplegia may also reveal a pituitary metastasis (21) .
Hypopituitarism is variably appreciated as a presenting feature (0 -25%) (1, 3, 4, 6) and endocrine symptoms of hormone hypersecretion are dominated by acromegaly (1, 4, 6, 7) . Where sufficient pre-operative evaluation is available, hypopituitarism has been found in up to 50% of all cases (4, 6, 7) and 80% of NFPAs (5), though limited to gonadotroph deficiency in quite variable proportions. As a rule, hypopituitarism is clinically underestimated in the elderly because typical symptoms are less frequent than in younger patients and overlap with those of ageing (1, 10, 22) . Attention has recently been paid to hyponatremia as a revealing symptom of pituitary diseases in up to 8% of elderly patients (4, 23) . Hyponatremia is favoured by adrenal failure and age-related changes in vasopressin secretion (23, 24) , and it may be severe and account for aspecific neurological symptoms such as confusion and even coma. Acromegaly or Cushing's disease are recognized on the basis of typical clinical features, although the clinical picture may be milder than in younger patients (10) , and associated hypopituitarism is uncommon (2, 9) . In contrast, systemic complications, such as diabetes mellitus and hypertension, are more frequent in this age group and increase cardiovascular risk (2, 9) .
Data about prolactinomas in the elderly are limited to small subgroups of PAs including two to seven patients (see Table 1 ) and single case reports (16 -18, 25) . In men, the clinical picture is quite mixed, but atypical symptoms of hypopituitarism and neurological manifestations are not uncommon (16 -18, 25) . In the last decade (see Table 2 ), we have observed nine elderly patients with symptomatic prolactinomas (seven women and two men, aged 70.9^5.3 years). All had macroadenomas (mean diameter 2.9^0.9 cm), and most of them were invasive. Mean PRL values at diagnosis were highly variable (725.3^488 ng/ml), and all patients had partial or complete hypopituitarism (n ¼ 7 and 2, respectively). In particular, all women had 'menopause'/definitive secondary amenorrhea before the age of 45 (mean 36.0^10 years), strongly suggesting a 20-30-year period of unrecognized evolution of the disease. The frequently associated osteoporosis also reflects longstanding associated hypogonadism.
Finally, pituitary tumours are increasingly recognized on neuroradiological imaging performed for a comorbid condition, accounting for 5 -15% of patients in this age group (4, 6, 7) . Though most 'pituitary incidentalomas' are asymptomatic, visual or endocrinological changes should be systematically searched for (26) .
On the contrary, except for rare cases of pituitary apoplexy, the presence of diabetes insipidus in the setting of a recently recognized pituitary mass indicates the presence of a non-adenomatous lesion, in particular a craniopharyngioma, a lymphocytic hypophysitis or a pituitary metastatasis. 
Diagnosis
The diagnosis of pituitary tumours relies on neuroradiological imaging -essentially magnetic resonance imaging -and endocrine assessment of pituitary function. Despite many diagnostic criteria being independent of age in adults, possible pitfalls should be kept in mind in the elderly.
Neuroradiological diagnosis
With the exception of Cushing's disease, in which evidence for a well-defined pituitary lesion may be lacking, the diagnosis of PAs is generally easy in patients with a documented syndrome of hormone hypersecretion. In contrast, an effort must be made to distinguish NFPAs from other non-secreting sellar lesions, since this can radically change therapeutic options, in particular surgical indications and approach. Although data concerning the prevalence of the different sellar lesions in the elderly are lacking, Turner et al. (4) observed 10 patients with a non-adenomatous lesion out of a series of 67, including chordoma, lymphocytic hypophysitis, carotid aneurysm, metastasis, craniopharyngioma and meningioma. Details concerning clinical anamnesis and symptoms may greatly help to achieve a correct neuroradiological diagnosis (27) .
Peculiarity of bioclinical endocrine changes in the elderly
Ageing is associated with a number of endocrine and metabolic changes changes, including significant changes in the hypothalamo-pituitary axis and related peripheral endocrine glands (28) . The anterior pituitary gland itself undergoes morphological changes in the ageing man, including fibrosis and vascular alterations, and a number of abnormalities of pituitary function, though somewhat contradictory, have been reported in the elderly (for a review see (29)). However, progressive GH deficiency, post-menopausal changes in women, age-related androgen decline in men (30) and the more recently characterized age-related changes in adrenal secretion (31) should be held in mind when interpreting endocrine parameters. In addition, due to frequent comorbid conditions, a number of drug-induced hormonal abnormalities can be encountered in this age group. The diagnosis of some pituitary hypersecretory states should be adapted to a patient's age and medical conditions. If basal PRL secretion itself is not consistently modified with age (10, 29) it can be influenced by a number of drugs leading to moderate hyperprolactinaemia or be markedly suppressed by DAs prescribed for extrapyramidal disorders, thereby masking hyperprolactinaemia. It may therefore be excessively difficult to recognize a prolactinoma in such patients. In addition, if moderate hyperprolactinaemia is frequent in patients with non-secreting lesions because of pituitary stalk compression, it is advisable in patients with huge tumours to dilute plasma samples in order not to miss very high PRL concentrations, which may give rise to erroneously low values in two-site 'sandwich' assays (the so-called hook effect) (32) .
In patients with suspected acromegaly, age-corrected insulin-like growth factor I (IGF-I) ranges must be considered because of the marked decline in IGF-I secretion (normal values are less than 220 ng/ml in most assays). Since overt diabetes mellitus may limit the feasibility or reliability of the oral glucose-tolerance test for GH suppression, alternative testing such as thyrotrophin-releasing hormone stimulation may be indicated. There is also recent evidence than a 3-h GH profile may give results similar to oral glucose-tolerance test in acromegalics (33) .
As far as gonadotroph adenomas are concerned, they generally present as NFPAs and, since their treatment is mostly the same at the moment, their pre-operative diagnosis may not be considered as essential in clinical practice. However, up to 40 -50% of gonadotroph adenomas can be simply recognized in men on the basis of elevated follicle-stimulating hormone or luteinizing hormone (LH) levels (12, 13) . Determination of a-and b-follicle-stimulating hormone, and bLH, especially after thyrotrophin-releasing hormone stimulation, may increase the diagnostic sensitivity up to 70% in male and 50% in female patients, respectively, although this cannot be routinely proposed (12) .
Finally, in patients with suspected ACTH-secreting adenomas, attention should be paid to dementia and depression, which are frequently accompanied by abnormalities of cortisol secretion (10, 29) . A relative decrease in the hypothalamic-pituitary sensitivity to glucocorticoid feedback may also be encountered in the elderly or during chronic illness (29) , so that current criteria using 1.8 mg/dl as a threshold for plasma cortisol suppression after low-dose dexamethasone-suppression test (34) might be too restrictive in elderly patients. Further studies would be necessary to clarify this point.
Another essential aspect of pituitary tumours is hypopituitarism, which should be recognized because of its impact on life quality and surgical risk. Classically, acquired hypopituitarism progressively involves different pituitary functions: GH deficiency appears first, followed by hypogonadotrophic hypogonadism and, at a later stage, secondary adrenal and/or thyroid insufficiency may develop.
GH deficiency in the elderly may not be easily distinguished from the age-related decrease in spontaneous GH secretion (the so-called somatopause), especially when partial GH deficiency is searched for. Revising data dealing with abnormalities of GH testing in the ageing population falls beyond the scope of the present review. However, current available data indicate that combined stimulation with GH-releasing hormone þ arginine, which represents a safe and reliable test for the evaluation of the GH secretory capacity even in the elderly (35) , may be the test of choice in these patients when accurate diagnosis of GH deficiency is thought necessary. Alternatively, combined stimulation with GH-releasing hormone þ GHRP6 may be proposed (36) .
Similarly, androgen deficiency in elderly men may not be of univocal interpretation, and an effort should be made to distinguish true hypogonadotropic hypogonadism from the progressive age-related decline in androgen levels currently described as PADAM (partial androgen deficiency of the aging male). According to a recent review (29) , blood testosterone determination remains the best marker of androgen status and thresholds of 315 ng/dl for total testosterone and 6.5 ng/dl for free testosterone can be proposed. About 20% of men above 60 years have low plasma androgen levels, mainly due to alterations in testicular production and LH dysregulation, with a modest and inconstant increases in LH levels. Thus a simultaneous decrease of plasma testosterone and gonadotrophins, if present, still argues for hypogonadotrophic hypogonadism in the elderly, though normal gonadotrophins do not exclude this eventuality, especially in patients with pituitary tumours. In fact, it should be remembered that most gonadotroph adenomas are associated with low plasma androgens, regardless of gonadotrophin levels (12) . Finally, a number of associated acute and chronic diseases and drugs are known to negatively influence androgen status (29) . It is therefore reasonable, in most cases, to repeat testosterone determination more than once to confirm hypogonadism.
Although secondary thyroid or adrenal insufficiency are less common than GH deficiency or hypogonadotrophic hypogonadism, they should be best recognized because of their immediate implications for hormonereplacement therapy. In the presence of inadequately low to normal thyroid-stimulating hormone values, low plasma free thyroxine (FT 4 ) values are the best marker of central hypothyroidism (37) , whereas free triiodothyronine (FT 3 ) is the first to decrease in non-thyroidal illness syndrome, a common condition in acute situations or in hospitalized patients (38) . Noteworthy is that associated thyroid diseases are more common in the elderly (39) . Low basal or ACTH-stimulated morning plasma cortisol are the most simple and suitable indices of secondary adrenal insufficiency, though their sensitivity may be insufficient (40) , so that clinical evaluation remains important for further therapeutic decision. Importantly, cortisol secretion is not reduced by adrenopause, which is characterized mainly by an age-related reduction in dehydroepiandrostenedione (DHEAS) production (41).
Therapeutic management

Surgery
Data summarizing results of TSS obtained in elderly patients are presented in Table 3 . TSS is generally safe and successful in elderly patients and can be proposed after evaluation of anaesthesiological risk by using the ASA grading (42), excluding patients with ASA 4 or 5 because of excessive surgical risk. Despite an increased anaesthesiological risk in more than 70% of patients due to the presence of mild or severe associated diseases (2, 5, 7, 9) , no mortality or major complications were observed in recent series of elderly patients operated on by TSS (2 -5, 7, 9), markedly contrasting with their frequency after craniotomy (6). The incidence of post-operative complications is variably appreciated in this age group, the most frequent being diabetes insipidus (transient in 10 -50%, definitive in less than 10%) and cerebrospinal fluid leak (0 -27%) (2 -5, 7-9), which seems higher than usually reported after TSS (43) . Whether this is due to ageing itself or to the predominance of large NFPAs is unclear. Anyway, as recently pointed out in a very large series, old patients benefit most from the surgeon's experience (44) , reinforcing the importance of dedicated pituitary surgeons in such patients. The development of endoscopic techniques may further reduce surgical risk (45) .
Once the diagnosis of prolactinoma is excluded (6), TSS represents the treatment of choice for elderly patients presenting with visual disturbances. Post-operative visual improvement has been consistently reported in more than 70% of patients (3 -7), despite a small percentage of further visual deterioration due to haemorrhagic or ischaemic damage (1, 4). In contrast, TSS has been rarely associated with improved pituitary function (5, 7, 9) , suggesting that recovery of pre-operative hypopituitarism in the elderly is less frequent than in younger patients (46) . Conflicting results have been reported about post-operative regrowth of NFPAs in patients treated by surgery alone (47 -49) and there are very few data in elderly patients (see Table 3 ). In our experience, only 16% of non-irradiated elderly patients with total or subtotal removal of NFPAs recurred during follow-up (7). Postoperative regrowth was also found to be less frequent in the elderly than in younger patients (50) . This suggests that TSS alone can be considered for patients with a satisfactory tumour removal, provided that a regular neuroradiological imaging is planned.
Surgical indications for non-secreting sellar lesions in the absence of visual impairment are still debated. In patients with NFPAs, regular follow-up can be recommended on the basis of their commonly slow growing potential, and this can apply to most pituitary intrasellar incidentalomas (26) , keeping in mind that about 25% of asymptomatic macroadenomas may increase in size over 5 years (51) -a few similar data-sets are available in the elderly (4). In such cases, surgery can be avoided unless magnetic resonance imaging shows a progressive growth of adenoma in the suprasellar space threatening the optic chiasm. For asymptomatic patients with extrasellar lesions, TSS may be recommended to prevent further complications of the disease, depending on the clinical status of the patient.
Surgery is considered by most authors as the first therapeutic choice in acromegaly, TSS being able to achieve biochemical remission of acromegaly in 50 -60% of patients according to strict criteria of cure; that is, normal age-corrected IGF-I levels and glucose-suppressed GH levels lower than 1 ng/ml (52) . Current data on TSS in elderly acromegalics are encouraging. We have recently reported surgical outcome in 22 elderly acromegalics (9): despite the high incidence of hypertension, left ventricular hypertrophy and glucose metabolism abnormalities, no major complications occurred and GH/IGF-I normalization was achieved in 68% of patients. While doubtful recurrences could be observed in a previous study using basal GH , 4.5 ng/ml and IGF-I , 380 ng/ml as successful outcome criteria (2), we did not observe any recurrence during a median follow-up of 5 years where strict criteria of cure were met. Noteworthy, successful TSS was accompanied by a significant improvement in cardiovascular and metabolic abnormalities (9) . It is likely that the satisfactory surgical outcome was favoured by the intrasellar location of the adenoma in most cases. Pre-operative treatment with SMAs may be useful to improve patient's conditions, especially from a cardiorespiratory point of view; it may reduce anaesthetic difficulties (53, 54) and shorten the duration of hospitalization (55) . The indications of SMAs in elderly acromegalics will be further discussed below.
TSS also appears as a first choice treatment in elderly patients with Cushing's disease, since it is poorly responsive to medical treatment, whereas TSS is successful in 70 -90% of the cases. Despite the variable surgical outcome reported in a small number of elderly patients (3, 4) , young patients were found to be the most at risk group for recurrence in a large multicentre study including patients up to 84 years of age (56) . Thus further experience is necessary to better define surgical outcome in this age group.
In contrast, most authors agree to consider surgery as a second choice of treatment for patients with prolactinoma at any age, when DAs prove to be inefficient or badly tolerated, even though some advocate TSS for microprolactinomas when conditions for definitive cure are fulfilled (57) . However, surgery for microprolactinomas would be highly questionable in the elderly, since hyperprolactinaemia itself is poorly symptomatic. On the other hand, macroprolactinomas are poorly controlled by TSS (57) , and this seems to be especially true in the elderly (4, 6, 7) . We have thus progressively abandoned TSS as a debulking option in these patients, and further limited surgical indications to resistant macroprolactinomas with visual defects or clear radiological evidence of tumour progression. * Successful outcome was defined as visual-field improvement and/or apparently total removal in NFPAs, and hormone normalization in secreting tumour, respectively. † 13.6% (no RxT) versus 5.8% (RxT). ‡ 15.8% (no RxT) versus 8.3% (RxT).
Medical therapy
The development of new therapeutic agents has dramatically increased the opportunity for successful medical therapy for secreting PAs over the last two decades. On the other hand, adequate treatment of hypopituitarism is necessary to improve patients' conditions and quality of life.
Medical treatment of prolactinomas
DAs represent the first option in the treatment of prolactinomas, being able to normalize PRL levels and induce tumour shrinkage in approximately 70 -80% of cases (58) . However, previous data have suggested that prolactinomas in the elderly may be more frequently resistant (4). In addition, among the potential side effects of DAs, dizziness and postural hypotension may be of special concern in the elderly, though cabergoline (CAB) is better tolerated and more efficient than bromocriptine (BRC), making it a suitable first-line option in this age group. In our experience with a series of nine elderly patients (see Table 2 ), one developed rapid and recurrent weight loss on BRC therapy (patient CG, Table 2 ) and another suffered from nausea and dizziness, limiting the required increase in CAB dose (patient DGG, Table 2 ); in the remaining patients, starting with 0.125 -0.25 mg twice weekly with recommendations on drug intake, the tolerance to CAB was excellent. Follow-up duration ranged from 1 to 10 years (mean 4.6^3.5 years). Two patients showed partial resistance to DA therapy, requiring high doses of BRC and CAB (patients PAM and SS, Table 2 ). In the remaining cases, the mean weekly dose required to normalize PRL levels was 0.8^0.3 mg. Tumour shrinkage ranging from 50 to 100% could be achieved in six out of eight patients who normalized PRL levels, including the patient requiring high BRC treatment dose (patient PAM, Table 2 ), whereas in the patient requiring a high CAB dose a cystic evolution was observed. These findings tend to confirm previous observations in men that DA sensitivity is independent from age (25). Noteworthy, a good response has been documented, even in massive prolactinomas inducing hydrocephalus or a confusional state in this age group (16) (17) (18) . A still unresolved issue is the need for systematic pharmacological treatment of hyperprolactinaemia in post-menopausal women. In a recent retrospective study (59) , 45% of hyperprolactinaemic women who had passed though the menopause normalized their PRL levels, indicating that post-menopausal women who were already on pharmacological therapy at the time of ovarian failure should be re-evaluated. On the other hand, as pointed out above, symptomatic prolactinomas in post-menopausal women are usually macroprolactinomas that require pharmacological therapy because of mass effects. Thus, microprolactinomas could be recognized mostly as 'incidentalomas', raising the question of the possible benefits of active treatment, if any. As a rule, microprolactinomas are rarely evolutive and, to our knowledge, there is no current evidence for increased bone demineralization in hyperprolactinaemic versus normoprolactinaemic post-menopausal women. Thus, a wait-and-see option seems reasonable in most cases, although dedicated longitudinal studies would be necessary to clarify this point.
Medical therapy for acromegaly
The long-acting SMAs octreotide-LAR and lanreotide are able to normalize GH/IGF-I levels in 60 -70% of acromegalic patients with acceptable side effects and a significant improvement in disease-related cardiovascular abnormalities (60 -62) , with partial tumour shrinkage being reported in 30 -50% of patients (62) . Elderly acromegalics may be especially sensitive to SMAs (63) , though this might be biased by the less aggressive characteristics of GH-secreting adenomas in this age group. Medical therapy implies life-long treatment with a high sanitary cost, which has recently been estimated to range from 6000 to 10 000 e/patient per year in Italy (64) . Another drawback of SMAs is suppression of insulin secretion, which may have further deleterious effects on age-and disease-related abnormalities of glucose metabolism, though both improving and worsening effects can be observed due to the beneficial effects of GH normalization on insulin tolerance (65) . However, pharmacological treatment with SMAs can be proposed in different ways. Though pre-operative treatment with SMAs has not been consistently shown to improve surgical outcome, it can significantly reduce anaesthetic complications (54) which is of special concern in the elderly. Upper airway obstruction favouring sleep apnea and difficulties of intubation can be significantly reversed by SMAs within 6 months of treatment (54) . Left ventricular hypertrophy, cardiac performance and the frequency of potentially life-threatening arrythmias can significantly improve throughout a similar period of time and even more rapidly (60, 61, 66) . In clinical practice, we propose SMAs as a pre-operative therapy for a 3-6-month period in elderly patients with disease-related cardiorespiratory complications, individually verifying the adequacy of treatment schedule and duration before surgery, and as a long-term treatment in the presence of unacceptable surgical risks, invalidating or life-threatening associated conditions, or postoperative ongoing GH/IGF-I hypersecretion. First-line medical treatment can also be proposed for large GH-secreting adenomas, since surgery alone is rarely able to normalize GH/IGF-I hypersecretion. In such cases, however, surgical debulking of the tumour can still improve hormonal control by SMAs (67) . Other medical options in acromegaly are represented by DAs, especially for GH-/PRL-secreting adenomas, and the more recently introduced GH antagonist pegvisomant (68) . Treating acromegaly with DAs requires higher doses than those commonly employed for prolactinomas and normalization of GH/IGF-I levels is achieved in 30% of patients only (62) . To our knowledge, there are no age-related peculiarities in the use of pegvisomant, which is currently reserved for otherwise uncontrolled acromegaly.
Medical therapy for Cushing's disease
There are few data about medical treatment of elderly patients with Cushing's disease. Though new promising options are being proposed (69) , medical therapy directed to ACTH-secreting adenomas have long been disappointing and control of hypercortisolism can still be best achieved with drugs acting directly on the adrenal glands, such as ketoconazole. Thus surgery or radiotherapy remain the preferred therapeutic options, even in the elderly.
Medical treatment of clinically non-secreting PAs
So far, no medical treatment has proved to be effective in the control of NFPAs. However, a mild and inconstant shrinkage has been observed in a minority of cases with the use of DAs (70), SMAs (71) or both (72) . Since DAs are generally well-tolerated and have a low sanitary cost, randomized trials on their longterm use in uncomplicated macro-NFPAs could be proposed. At the moment, there is no recognized indication for any primary medical option in the treatment of NFPAs.
Treatment of hypopituitarism
The impact of hypopituitarism on life quality should be considered in elderly as well as in younger patients. However, age-related changes and associated pathological conditions should be individually evaluated to determine optimal indications and modalities of hormone-replacement therapy. Of particular importance are abnormalities of glucose metabolism, cardiovascular diseases, bone demineralization and the eventuality of endocrine-dependent cancer.
Basic medical treatment of hypopituitarism in the elderly relies on thyroid-and adrenal-replacement therapy, which is mandatory in all documented cases. There is no counter-indications to thyroid-or adrenal-replacement therapy in the elderly, provided that overtreatment is avoided because of the potential adverse effects of both hormones on the cardiovascular system and bone metabolism (73) . L-Thyroxine is the treatment of choice for central hypothyroidism and should be preceded by adequate adrenal replacement. We generally use a starting dose of 25 mg/day of L-thyroxine with a progressive increase to 1.3^0.2 mg/kg per day, which has been found optimal in patients older than 60 years (37) . Clinical parameters and both plasma FT 3 and FT 4 concentrations should be used for treatment monitoring, since low thyroid-stimulating hormone levels in such patients are not indicative of overtreatment, which may be best recognized by FT 3 measurement in some cases (37) . To our knowledge, in the absence of age-related recommendations concerning adrenal replacement in the elderly, it is reasonable to use the lowest daily dose able to correct clinical symptoms such as asthenia and hypotension and maintain serum electrolytes in the normal range (in our experience a 25 mg daily dose of cortisone acetate is sufficient in most cases; see Table 2 ). Pre-operative treatment of adrenal and thyroid failure are advisable before surgery if indicated.
Replacement therapy with sex steroids should be considered with caution in the elderly, because of its potential cardiovascular side effects and increase in steroid-dependent cancer risk. In women, oestrogenreplacement therapy is generally no longer considered in this age group, since most authors agree to recommend it for a limited period after menopause (74) . In men, stable levels of plasma testosterone in the low normal range can be best achieved by transdermal preparations, which avoid the supraphysiological peaks following intramuscular injections. Because the benefits and safety of androgens are still unclear in this age group, only patients with symptomatic hypogonadism, testosterone levels less than 200 ng/dl and no evidence of absolute contraindications are currently proposed as candidates for this treatment, with regular determination of prostate specific antigen (PSA) and red cell blood count (75, 76) .
GH-replacement therapy has also been proposed to elderly hypopituitary patients. Recent data from KIMS show beneficial effects almost similar to those seen in younger patients; however, adverse side effects were more frequent than in younger patients (77) and lower doses of GH may be required (78) . Thus, indications and dose regimen of GH replacement in this age group still need to be better defined. In addition, the close relationship between the IGF system, cell proliferation and cancer, and epidemiological evidence that increased circulating IGF-I levels are associated with an increased risk for the development of several common malignant neoplasia (79) , should be kept in mind. Of note, these include breast and prostate cancer, so that combined replacement therapy with sex steroids and GH should be proposed with special caution. Recently, a synergic effect of testosterone and GH-replacement therapy on prostate volume has been documented after only 12 months of treatment in adult hypopituitary patients, including an elderly subgroup, strongly indicating that a longer follow-up is required to look for the possible development of prostate abnormalities (80) .
Radiotherapy
Conventional fractionated radiotherapy is frequently administered to patients with residual or recurrent pituitary disease. Control of tumour growth is achieved in approximately 90% of PAs and associated with hormonal control in 40 -60% in secreting tumours. The most common late morbidity of conventional radiotherapy is hypopituitarism, with an overall risk of 40 -80% at 10 years (81 -83) . Rare complications include optic neuropathy, variable degrees of radionecrosis and late neurocognitive functions, with a reported incidence of 1-3% (81 -84) . An increased risk of cerebrovascular mortality compared with the general population has been reported in patients with PAs treated with surgery and radiotherapy (84, 85) . Possible risk factors include hypopituitarism, radiotherapy and extent of surgery, but none are at present proven causes.
No consensus guidelines are available about the use of radiation therapy in elderly patients with PAs, but limited experience indicates that conventional radiotherapy is feasible in this age group. Though it has been proposed as an alternative to surgery in selected cases (6, 11) , it is generally viewed as a post-operative treatment, which reduces the recurrence rate in the elderly too (Table 3) . Considering the low incidence of recurrences following total or subtotal tumour resection and the shorter expectancy of life in such patients, it is reasonable to propose that radiotherapy should not be planned for grossly resected NFPAs unless regrowth can be documented by radiological follow-up, while it may be considered in patients with large post-operative residual tumour abutting the optic chiasm. In elderly patients with secreting adenomas, the efficacy of conventional radiotherapy is hampered by the interval required to achieve biochemical remission: GH/IGF-I levels reach normal values in about 50% of acromegalics over a period of 10 -15 years (82, 83) and most patients irradiated for Cushing's disease show remission within 4-5 years (86) . Prolactinomas are generally reported to be less sensitive to radiotherapy, but experience is relatively scarce because of its limited indications. Thus, medical therapy is advisable for elderly patients with post-operative remnants of GHor PRL-secreting tumours to achieve a rapid normalization of hormonal hypersecretion, whereas radiotherapy remains an important option in those unresponsive to medical treatment.
Single-dose stereotactic techniques using either a gamma knife or a modified linear accelerator, also known as radiosurgery, have been developed to achieve high disease control rates while minimizing the risk to the central nervous system. Because of the damaging effects of single high-radiation doses, radiosurgery is only suitable for small lesions at least 5 mm away from the optic chiasm. Early results are encouraging: hormone normalization has been reported in about 40 -50% of GH-secreting, up to 60% of ACTH-secreting and 30% of PRL-secreting adenomas, with a time to hormonal response ranging from 6 months to 4 years, whereas the reported control rate for NFPAs exceeds 90%, with a low incidence of side effects (87) . Although more long follow-up periods are needed, it is likely that radiosurgery can partially overcome the limits due to the slow effects of conventional irradiation.
Another promising approach is stereotactic conformal radiotherapy, which combines the precision of stereotactic techniques with the fractionation of conventional techniques (88) . Though longer follow-up periods are also necessary to better assess its efficacy and toxicity (87) , it may be especially attractive for use in the elderly.
Conclusion
An increasing proportion of PAs are being recognized in the elderly, raising the question of their optimal management. Evidence from literature emphasizes the importance of TSS in elderly patients affected by NFPAs with visual disturbance or intrasellar GH-secreting adenomas. On the contrary, medical treatment with DA is the first-line treatment for prolactinomas, regardless of their volume and the presence of neurological symptoms. SMAs are useful in acromegalic patients with large tumours, with a high anaesthesiological risk or with a post-operative active disease. Although radiotherapy can play an important role in the control of tumour regrowth and hormonal hypersecretion, its indications and modalities in the elderly should be better defined. The clinical importance of hypopituitarism should not be underestimated, and thyroid-and adrenal-replacement therapy are mandatory in the presence of documented hormone deficiency, carefully avoiding overtreatment to limit possible side effects on the cardiovascular system and bone mineralization.
